Introduction 4
Resilience has been defined as a system"s ability to absorb change and endure 5 while maintaining its essential structure, function, and feedbacks (Gunderson, 2003) and 6 while remaining flexible in response to social and environmental changes (Redman and 7 Kinzig, 2003) . The concept of resilience has been mostly applied to analyze the capacity 8 for renewal of ecological (Holling, 1973) or social-ecological (Folke, 2006 ) systems in 9 the face of disturbance and change. A basic argument of the resilience approach is that, 10 after each major social or environmental perturbation, the human-environment relation 11 is altered, new knowledge develops, and a new balance is established (Berkes and 12 Folke, 2002; Chapin et al., 2009 ). Therefore, the resilience of a social-ecological system 13 largely depends on the capacity of the corpus of knowledge to learn by absorbing new 14
information. 15
It is well acknowledged that in social-ecological systems with some basis of 16 historical and intergenerational continuity in resource use management, people have 17 developed knowledge of resource and ecosystem dynamics and associated management 18 practices, or traditional ecological knowledge (Berkes et al., 2000) . From the 19 perspective of social-ecological systems, traditional ecological knowledge has been 20 conceived as an evolving body of knowledge, practices and beliefs that develops over 21 time from long-term observation and monitoring of the system functioning (Berkes et 22 al., 2000) , but also from learning with crises and mistakes (Berkes and Turner, 2006 ; 23 Olsson and Folke, 2001 ). As other lay and local knowledge systems, traditional 24 ecological knowledge is generally site specific in the sense that it is produced through 25 economic and social interactions with the immediate environment and is dynamic and 26 mutable (Kloppenburg, 1991) . Therefore, traditional ecological knowledge contrasts 27 with scientific knowledge, an "immutable mobile" (as coined by Latour, cited in 28 Kloppenburg, 1991) mainly produced with the goal of being universal, transferable, 29 mobile, and not tied to a singular place. But in contrast with other lay knowledge 30 systems, the term "traditional ecological knowledge" emphasizes the historical 31 continuity of such bodies of knowledge, not only their local embeddedness, a 32 characteristic that seems to contribute to the long-term resilience of social-ecological 33 systems by providing a pool of information and practices that improves societies" 34 adaptive capacity to cope with recurrent environmental or social disturbances (Folke, 35 2004; Gómez- Baggethun et al., 2012; McIntosh et al., 2000) . 36
Several researchers have emphasized that traditional knowledge systems should 37 neither be considered static (Berkes et al., 2000 ; Gómez-Baggethun and Reyes-García, 38 2013), nor in isolation from other knowledge systems (Agrawal, 1995; Leonti, 2011 ; 39 Leonti and Casu, 2013) . Rather, traditional knowledge systems should be understood as 40 being in constant change, in a dynamic process that encompasses a complex mix of 41 knowledge replication, loss, addition, and transformation, in a type of process that 42
anthropologists have noted to involve simultaneously "continuity and change" 43 (Reenberg, et al., 2008) . On the one side, traditional ecological knowledge draws from 44 historical and intergenerational continuity in resource use management. On the other 45 side, change in traditional knowledge systems can be triggered by multiple factors that 46 include -but are not limited to-individuals" own learning and experimentation, adoption 47 of new technologies, the production of new knowledge due to adaptation to new social 48 or ecological conditions or the co-production of knowledge arising from the interactions 49 with other knowledge systems, such as scientific knowledge. 50
In this research, we offer an exploration of the resilience of a traditional 51 agricultural knowledge system. Specifically, we assess the ability of the traditional 52 agricultural knowledge to continue to exist while absorbing changes, that is, its capacity 53 to simultaneously evolve and persist in response to disturbance and change. Agriculture in Spain has been subject to deep transformations throughout history 95 and especially since the 18 th century (González de Molina and Sevilla-Guzmán, 1993), 96 but many authors identify the 1960s as the tipping point when agriculture shifts most 97 radically from a "traditional" to a "modern" (or industrial) agrarian mode of production 98 based on the use of fossil fuels, chemicals, and machinery (Naredo, 2004) . Changes in 99 widespread and involve a significant number of people, both when considering their 124 participation in gardening activities and the consumption of home gardens" products. 125 "traditional" and the "modern" (or industrial) agrarian mode of production. By using the 166 term "traditional" agricultural knowledge, rather than "local", we emphasize historical 167 and intergenerational continuity in agricultural management. By using the term 168 "modern" agricultural knowledge, rather than "scientific", we acknowledge that there is a 169 and beliefs that provide a holistic view of ecosystems (Toledo, 2002) . We are aware that 186 by restricting our analysis to knowledge and use of landraces, we do not capture the 187 broader complexity of this holistic view. The approach, however, also has advantages. 188
By focusing on one measurable aspect, we are able to compare the level of landrace 189 knowledge with the level of commercial varieties knowledge. Furthermore, the 190 approach allows for testing our ideas in a larger sample than wider or more in-depth 191 approaches allow. Lastly, the approach also allows for the collection of cross-cultural 192 comparative data, and therefore for a higher degree of generalization. 193 (36=6*6), of which three were landraces and three were commercial varieties. To 226 increase variation in responses, we used our ethnographic information to select one well 227 known, one relatively known, and one rare landrace in each site. We used the same 228 criteria to select three commercial varieties. For each item we requested gardeners a) to 229 identify the variety by showing them the seed (or other propagation material such as 230 bulbs); b) to report whether they were growing this variety at the time of the interview, 231 c) had grown it in previous years, d) or had it in storage; and e) to answer a question on 232 the species management, and f) a question on species use. Questions on species 233 management and use were constructed using ethnographic information collected among 234 locally recognized experts. Because species and practices vary from one site to another, 235 the knowledge tests were site-specific, although they all conformed to the same 236 structure. 237 238
Data analysis 239
We used answers to the 18 questions on landraces to generate a score of 240 landrace knowledge and answers to the 18 questions on commercial varieties to 241 generate a score of commercial varieties knowledge. Specifically, we added a point to 242 the respective score if the informant a) was able to identify the propagation material by 243 providing the folk name of the strain, b) was growing it at the time of the interview, c) 244 had grown the strain during previous years, d) or had the strain in storage, e) knew the 245 specific management technique of the strain, and f) knew the characteristic use or 246 preparation for that plant strain (6 questions*3 landraces=18 points). Answers to 247 questions on landrace folk name, management, and use were considered as correct if 248 they matched responses from "local experts," defined here as local inhabitants with 249 long-term experience with traditional management of home gardens in the area (Davis 250 and Wagner, 2003) and identified by residents during informal interviews. For 251 commercial varieties, correct answers were extracted from agronomic literature 252 (Maroto, 1992 analyses. The average respondent obtained a similar score in landraces and commercial 272 varieties knowledge, although variation was larger for landraces than for commercial 273 varieties knowledge. Overall, from a range from 0 to 18, the landraces knowledge score 274 had a mean of 7.71 (median= 8; mode= 10), and the commercial varieties knowledge 275 score had a mean of 7.83 (median=8; mode=10). 276
TABLE 1 277
The survey sample included people between 17 and 100 years of age, but the 278 average respondent was 66 years, above retirement age in Spain (65 years). Men 279 accounted for 68% of survey respondents. About 51% of the interviewees had been or 280 still were farmers at the moment of the survey. The average informant held a long 281 experience in gardening (42.6 years), but there were large differences within the sample 282 (SD=24 years). Twelve percent of people in the sample had no schooling and only 7% 283 had a university degree. Only about 33% of our respondents conformed to what we 284 named as "migrant", a category that included people who was not born in the study site, 285 but rather who had migrated to it from a city, other rural areas, or other countries (Table  286 1). 287 (Table 2) . That 298 is, when taking the sample as a whole and after we control for socio-economic 299 characteristics of the informant, the higher the score of commercial varieties of a 300 person, the higher his/her landrace knowledge. 301
Other traits presenting a positive association with landrace knowledge include 302 being a woman, being a farmer, and the number of years the person has been gardening. 303
Characteristics that present a negative and statistically significant association with 304 landrace knowledge include higher levels of formal education and age, although for the 305 variable age the magnitude of the coefficient is very small. 306
TABLE 2 307
Since our three study areas present important socio-cultural differences, we 308 conducted the same analysis by study area ( Table 2) The hierarchical cluster analysis based on answers to the questions on landraces 318 and commercial varieties knowledge divided the sample in four distinct groups. Results 319 of the Kruskal-Wallis and Chi-square tests analyzing differences between those groups 320 suggest that there are statistically significant differences both regarding the landraces 321 and commercial varieties knowledge (the grouping criteria in our cluster analysis) and 322 also regarding the socio-demographic characteristics of group members. 323
The first group (Table 3 , group A) is the largest (n=164) and includes informants 324 with the highest levels of both landraces and commercial varieties knowledge. We name 325 this group "hybrid knowledge" group. Compared with the other two groups, people in 326 the hybrid knowledge group is older and holds larger experience gardening. This group 327 is mostly composed by informants who have been (or still are) farmers and who have 328 spent most of their lives in the study areas. A last marked characteristic of the hybrid 329 knowledge group is that, compared to the overall mean (Table 1) , it concentrates a 330 larger share of people with no schooling and a lower share of people with university 331 degrees, although differences in education between groups are only statistically 332 significant for people having primary education or university degree. 333
INSERT TABLE 3 334
The second group (Table 3 , group B) includes informants (n=90) with relatively 335 high levels of landrace knowledge (7.2) but relatively low levels of commercial 336 varieties knowledge (4.7). We call this group "traditional knowledge" group. Compared 337 with informants in the hybrid knowledge group, fewer informants in the traditional 338 knowledge group have farming experience, and fewer informants have lived most of 339 their live in the study areas. It is also interesting to notice that the mean score in 340 landrace knowledge is lower than in the hybrid group. 341
The third group (Table 3 , group C) shows the opposite trends in knowledge: 342 informants in this group show low landrace knowledge (3.6) and high commercial 343 varieties knowledge (9.8). We call this group "modern knowledge" group, but notice 344 that the average score in modern knowledge is lower than for the "hybrid knowledge" 345 group. Compared to the other three groups, the average age of informants in the modern 346 knowledge group is the lowest, as it is their gardening experience. This group also holds 347 the largest share of migrant population from the four groups. 348
Our last group (Table 3, The literature on diffusion-of-innovations (a theory that seeks to explain how, 438 why, and at what rate new ideas and technology spread through cultures) has explicitly 439 analyzed the characteristics of people who adopt modern agricultural practices 440 (Wejnert, 2002) . This line of research is largely based on the assumptions that i) those 441 who adopt modern agricultural practices will have a comparative economic advantage 442 over those who do not adopt them (Saltiel et al., 1994) and that ii) adoption and non-443 adoption of modern practices are mutually exclusive, implying that everybody will 444 eventually adopt the new practices on the risk to be out competed by others. We started this work highlighting that the resilience of a social-ecological 484 system depends to a large extent on the capacity of its corpus of knowledge to learn by 485 absorbing new information in response to change, and by stressing the need to explore 486 the capacity of traditional knowledge systems to absorb changes and continue to exist. 487
There are three main caveats to our results. First, we are well aware that the analysis 488 presented here only partially addresses the resilience of traditional knowledge systems. 489
That is, we assess the ability of the traditional knowledge system to absorb changes and 490 continue to exist, but our data do not allow us to test to what point the traditional 491 knowledge system maintains its essential structure and function. 
